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OBJECTIVE: To compare skin folds in the dominant and nondominant halves of the body in a group (A) of 20 individuals with 
cerebral palsy and spastic hemiplegia and a group (B) of 30 normal volunteers.
METHOD: Body mass, height and skin folds were measured, and the percentage of body fat was estimated by adipose tissue 
measurement and densitometry. The mean age in group (A) was 24.6 ± 5.6 years (ranging from 16.1 to 38.1 years). The mean age 
in group (B) was 25.3 ± 3.8 years (ranging from 19.0 to 34.11 years).
RESULTS: Statistically significant differences were observed between the dominant and nondominant halves of the body for biceps, 
triceps, thoracic, suprailiac, thigh and midcalf skin folds in group A; the biceps, subscapular, midaxillary, suprailiac, abdominal, 
thigh and midcalf skin folds in group B; and the percentage fat obtained by adipose tissue measurement in both groups. Statisti-
cally significant differences were observed for the triceps skin fold when the dominant halves of the body in groups A and B were 
compared. Statistically significant differences were also observed for the biceps, triceps, thigh and midcalf skin folds as well as 
the adipose tissue measurements between the dominant and nondominant halves of the body in the two groups. The percentage fat 
as estimated by densitometry was significantly correlated with the adipose tissue measurement. 
CONCLUSION: There were statistically significant differences between the skin folds in the dominant and nondominant halves 
of the body, both in group A and in group B (greater in group A). There was a statistically significant correlation in the percentage 
fat as estimated by densitometry and as measured by adipose tissue in groups A and B. 
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INTRODUCTION
In recent years, there has been increasing awareness 
of the importance of physical activity for reintegrating 
handicapped individuals into society, as well as the 
importance of competitive sports activities for such 
individuals. However, most studies on this topic have 
highlighted spinal injuries and neglected other populations, 
particularly children and adults with cerebral palsy.1 
To determine the physical aptitude of each individual 
for whom physical exercise activities are proposed and to 
prescribe individualized and safe physical activities, physical 
evaluation methods are needed. Body composition analysis 
should be included in such physical evaluations, since it is 
important that programs be specific for each individual.
The term “body composition” has almost always been 
related to body fat estimates based on a simple division 
of the body into two components: fatty and lean mass. 
The relative quantity of fat in the body is, by far, the most 
common measurement of body composition for adults and 
children, because of the relationship between obesity and 
the predisposition to a wide variety of illnesses as well 
as the relationship between obesity, health and athletic 
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performance.2 Elite athletes, people seeking to achieve or 
maintain an ideal body mass and patients in hospitals have 
all benefited from the increased popularity and precision of 
body composition evaluations,.3
Obesity has been defined as excess of fat content 
contributing to the whole-body weight, not just excessive 
weight in relation to a given height,4 It is a secondary 
or contributory risk factor for the development of 
coronary diseases, arterial hypertension, diabetes and 
hyperlipidemia.5
The ideal body mass is only a guide; it is not a target 
for handicapped individuals. Furthermore, it is difficult to 
determine the true height of patients who have developed 
significant deformities of the vertebral column, hips, 
knees and ankles.6 The neuromuscular abnormalities of 
cerebral palsy such as involuntary muscle contractions and 
movements also make it difficult to accurately measure the 
height of afflicted subjects and prevent them from remaining 
immobile while their body composition is being evaluated.7 
Children with cerebral palsy cannot be evaluated from a 
nutritional point of view using conventional methods such 
as height and body mass because many of these children 
present growth retardation or abnormal body composition.8
In view of these points, the use of tables correlating 
weight and height alone is insufficient in these individuals, 
given that these tables cannot divide the whole-body weight 
into lean and adipose mass. This division of body mass is 
considered to be a fundamental resource generating physical 
training schemes.9
To study body composition, techniques involving 
procedures for direct, indirect and doubly indirect 
determination are used.10 Although direct measurements 
of physical aptitude among children are preferred by 
doctors, occupational therapists and physiotherapists, 
such measurements may be impractical for some children, 
especially those with greater impairments.1
In adipose tissue measurement using kinanthropometry, 
variables measured unilaterally are obtained from the right 
half of the body in accordance with the recommendations of 
the Constitutional Anthropometry Committee of the Food 
and Nutrition Group of the United States National Research 
Council and of the International Standardization Committee 
for Physical Aptitude Tests.11 
However, if there is accentuated asymmetry between 
the two halves of the body resulting from various 
pathological conditions and especially cerebral palsy, 
unilateral measurements may not reflect the real body 
composition. It has been reported that muscle deficits may 
alter fat deposition in the affected limbs, thus resulting 
in unrealistic determination of body composition.7 Lean 
mass measurements obtained from hemiplegic individuals 
by means of bioelectric impedance have been found to be 
different for the right and left halves of the body, with a 
consequent requirement to calculate the mean between the 
two halves of the body.1 
Regarding the nutritional state in cases of cerebral palsy, 
concerns arise over not only obesity, but also malnutrition. 
It has been reported that spastic children of school age may 
give the impression of being either skinny or fat.12 
Growth deficits and abnormal body composition are 
common findings among greatly handicapped children 
and adolescents.13 Handicapped children are frequently 
shorter than normal children of the same age and sex. 
Among children with cerebral palsy, smaller triceps skin 
folds, height and body mass can be observed; however, it is 
often uncertain whether these changes are a consequence of 
cerebral palsy or of chronic malnutrition.14 
Nutritional studies on cerebral palsy patients with 
spastic quadriplegia have been inconclusive because they 
have typically used direct methods for measuring body 
composition and because both the adipose mass and lean 
mass determinations from anthropometric evaluations have 
been imprecise.15
Adults with cerebral palsy exhibit great variation in 
body composition (lean and fat), suggesting that nutritional 
problems noted among children with cerebral palsy persist 
with age. For this reason, it is essential for physicians to 
monitor the nutritional state of adults with cerebral palsy in 
order to implement appropriate nutritional interventions with 
the aim of preventing over- or under-nutrition.7 
Adipose tissue measurements have been standardized 
for years and employ skin fold measurements taken from 
the right half of the body because it is believed that there is 
symmetry between the two halves of the body and because 
most individuals present right-side dominance. This leads to 
technical difficulty in performing this procedure in cases of 
cerebral palsy, especially among hemiplegic patients, due 
to the asymmetry between the two halves of the body. A 
comparative study between the skin folds of the dominant 
and nondominant halves of the body among patients with 
cerebral palsy and spastic hemiplegia may generate a 
solution to this problem. 
One objective of the present study was to compare the 
skin fold measurements in millimeters and fat percentage 
obtained through the Guedes and Jackson-Pollock equations 
for dominant and nondominant halves of the body among 
patients with cerebral palsy and spastic hemiplegia. The 
other objective was to investigate whether there was any 
statistical correlation between the percentage fat obtained 
by means of DEXA (dual-energy x-ray absorptiometry) 
and the percentage fat obtained by means of prediction 
equations in the dominant and nondominant halves of the 
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body and in relation to the mean between the two halves 
of the body. 
Sample and Methodology
The study was approved by the Ethics Committee of 
Hospital das Clínicas (São Paulo, Brazil) and the sample 
was composed of 20 patients with cerebral palsy and spastic 
hemiplegia (group A) and 30 normal individuals (group B). 
The mean age of group A was 24.6 ± 5.6 years, ranging 
from 16.1 to 38.1 years, and the mean age of group B was 
25.3 ± 3.8 years, ranging from 19 to 34.11 years. The sex 
distribution in the two groups was similar. 
In group B (control group), the dominant side was 
determined according to which hand these individuals 
preferred for writing: 90% (27 individuals) presented right 
dominance. In group A, the dominant side was deemed to 
be the normal side. The right side was paralyzed in 65% 
(13 patients), and the left side was paralyzed in 35% (seven 
patients). 
Twenty patients presented with cerebral palsy of the 
spastic type, with hemiplegic distribution. Fifteen percent 
(three patients) presented with mild spasticity, and 85% (17 
patients) presented with moderate spasticity. None of the 
patients presented with severe spasticity.16
All body composition evaluations using the skin fold 
thickness technique were performed by the author. All the 
body composition evaluations using the DEXA technique 
were performed by experienced radiology technicians, and the 
reports were issued by the physician in charge of the service. 
For both groups, the total body mass of each individual 
was measured in kilograms using a Welmy digital balance 
(model RIW 200). Heights were measured in centimeters 
using the stadiometer of the same digital balance. Skin fold 
thicknesses were measured in millimeters using Lange skin 
fold calipers. Regions proposed by Guedes10 and Costa17 
were used to measure skin folds.
After the regions were defined, the thickness of the 
subcutaneous tissue was measured three times in each region 
for the dominant and nondominant halves of the body. These 
were subsequently used as the mode or calculated mean for 
each skin fold. After calculating the mode or mean for each 
skin fold, comparisons were made within and between the 
groups.
Whole-body bone densitometry for body composition 
was performed using a Lunar DPX Plus densitometer. 
Densitometry was performed on 19 of 20 patients in group 
A and 29 of the 30 volunteers in group B.
For comparison of nonparametric values, the Wilcoxon 
test was used for pairs of dependent samples and the Mann-
Whitney U test was used for pairs of independent samples. 
For comparison of different techniques for body composition 
evaluation, linear regression and ANOVA F-value tests 
were used. A significance level of 5% was adopted for all 
comparisons (P = 0.05%). 
RESULTS
Comparisons between the dominant and nondominant 
halves of the body in group B revealed statistically 
significant differences in the following skin folds: biceps 
(P < 0.0001), subscapular (P = 0.0349), midaxillary (P = 
0.0493), suprailiac (P = 0.002), abdominal (P < 0.0001), 
thigh (P < 0.0001) and midcalf (P = 0.0118). There were 
statistically significant differences in the fat percentage 
estimated using equations proposed by Guedes (P < 0.0001), 
Jackson-Pollock for seven folds (P < 0.0001) and Jackson-
Pollock for three folds (P < 0.0001).
The mean values in millimeters for all skin folds except 
the midcalf, and for the percentage fat obtained from the 
three equations, were found to be greater in the nondominant 
half of the body.
Comparisons between the dominant and nondominant 
halves of the body in group A revealed statistically 
significant differences in the following skin folds: biceps 
(P = 0.0007), triceps (P = 0.0003), thoracic (P = 0.0319), 
suprailiac (P = 0.0277), thigh (P < 0.0001) and midcalf (P 
= 0.001). Statistically significant differences were found in 
the fat percentage estimated using equations proposed by 
Guedes (P < 0.0001), Jackson-Pollock for seven folds (P < 
0.0001) and Jackson-Pollock for three folds (P = 0.0003). 
The mean values in millimeters for all skin folds except 
the midcalf, and for the fat percentage obtained from the 
three equations, were found to be greater in the nondominant 
half of the body. 
Comparisons between the dominant halves of the body 
in groups A and B only showed a significant difference for 
the triceps skin fold (P = 0.0455). 
Comparisons of the differences in the dominant and 
nondominant halves of the body between groups A and B 
revealed significant differences for the biceps skin fold (P 
= 0.0272), triceps skin fold (P < 0.0001), thigh skin fold (P 
< 0.0001) and midcalf skin fold (P < 0.0001), as well as the 
fat percentage estimated using the equations of Guedes (P < 
0.0001), Jackson-Pollock for seven skin folds (P < 0.0001) 
and Jackson-Pollock for three skin folds (P = 0.0001). 
The mean differences between the dominant and 
nondominant halves of the body for all skin folds except the 
subscapular and abdominal, as well as for the percentage fat, 
were greater in group A.
Statistically significant correlations in both groups were 
found for determination of the percentage fat using the 
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DEXA technique and the equations of Guedes, Jackson-
Pollock for seven skin folds and Jackson-Pollock for three 
skin folds with respect to the dominant and nondominant 
halves of the body and the mean value of the two halves of 
the body. 
DISCUSSION
The literature suggests that single measurements of body 
mass, or of body mass and body height, are insufficient 
for determining obesity and malnutrition, since these 
measurements do not evaluate the constituents of the body 
and do not clarify whether “fat” or “skinny” individuals 
present adequate percentages of fat in relation to their total 
body mass.3,4,18 This inaccuracy may be worse for physically 
handicapped individuals whose neuromuscular abnormalities 
form part of their clinical condition and impede such 
measurement techniques.6-8 
The insufficient data provided by weight/height tables, 
including the body mass index (BMI), justify evaluation 
of body composition, which can be performed using a 
variety of methods. Among known evaluation methods, we 
chose an indirect measurement technique because direct 
measurements are thought to be impracticable in humans, 
especially among those with greater impairment.18,19 We 
chose adipose tissue measurement because of the advantages 
it presents over other techniques, because it is frequently 
used in Brazil, and because it achieves its proposed 
objectives at a low cost.3,10,11
We chose to use the Guedes equation because it was 
developed based upon studies of Brazilian populations, 
thus ensuring that skin fold calculations were specific to the 
population for which they were constructed. Furthermore, 
we used the Jackson-Pollock equations because they are 
the mostly widely used equations in the world, including in 
Brazil.3,17,20
We decided to study patients aged between 16 and 
40 years to minimize the influence of bone growth or 
biological aging with respect to body composition. Despite 
the standard measurement of adipose tissue in the right half 
of the body, bilateral measurements were necessary in the 
present study because of the clinical characteristics of our 
patients, particularly the asymmetry between the two halves 
of the body.3,10,11 We also evaluated a control group in order 
to acquire normative values, using the same protocol for the 
control subjects as the test subjects. 
The DEXA technique was used in order to make 
comparisons with the adipose tissue measurements. The 
aim was to correlate DEXA and adipose tissue measurement 
results with respect to the dominant and nondominant halves 
of the body and the mean of the two halves of the body. 
In group B, it was clear that the biceps, subscapular, 
midaxillary, suprailiac, abdominal, thigh and midcalf skin-
fold measurements were different between the dominant 
and nondominant halves of the body. This was contrary to 
what has been reported in the literature, which states that 
measurements should always be made in the right half of 
the body because there is little difference between the two 
halves.3,10,11 
We also found a statistically significant difference in 
group B for percentage fat in the dominant and nondominant 
halves of the body when using the three prediction equations 
in this study.
For group A, biceps, triceps, thoracic, suprailiac, thigh 
and midcalf skin fold measurements were significantly 
different between the dominant and nondominant halves of 
the body. This coincides with the findings of Hildreth et al., 
who stated that muscle deficits may alter fat deposition in 
the affected limbs.7
The estimated percentage of fat was greater in the 
nondominant half of the body. Our findings coincide with 
those of Parker et al., who evaluated the body composition 
of patients with cerebral palsy and hemiplegia using the 
bioelectric impedance technique.1 
When we compared the dominant half of the body 
between the two groups, only the triceps skin fold presented 
a statistically significant difference. This suggests that 
patients with cerebral palsy and spastic hemiplegia present 
greater metabolic activity in this region. This may be 
explained by the unilateral nature of functional activities that 
require extension of the upper limbs, such as getting up from 
the ground or from a chair.
Differences between the dominant and the nondominant 
halves of the body for biceps, triceps, thigh and midcalf 
skin folds, as well as the percentage fat, were significant 
when compared between group A and group B, with 
higher mean values in group A than in group B. This is an 
important finding among this population since it suggests 
that differences in the distribution of subcutaneous adipose 
tissue are greater in patients with cerebral palsy and spastic 
hemiplegia than in normal individuals. The larger difference 
between the halves of the body in group A than in group 
B also suggests that, when choosing the adipose tissue 
measurement technique for evaluating the body composition 
of this population, the mean between the two halves of the 
body should be used.
Both group A and group B showed statistically significant 
correlations between the results of DEXA and the three 
adipose tissue measurement equations used with respect 
to the dominant and nondominant halves of the body 
and the mean between the two halves of the body. This 
finding suggests that the percentage of body fat can be 
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measured interchangeably by DEXA and adipose tissue 
measurement.
We also found in this population of adults that the 
body mass and height measurements were lower in group 
A. This coincides with reports that children with cerebral 
palsy exhibit retarded growth, that handicapped children 
and adolescents present growth deficits, and that nutritional 
problems noted among children with cerebral palsy may 
persist until adulthood.8,12-14
Although it was not the main aim of our study, we 
were able to verify a difference between measurements of 
dominant and nondominant limbs of normal individuals 
(group B). This casts doubt on the currently accepted notion 
that measurements obtained only from the right half of the 
body are sufficient for analysis of body composition.
Through adaptation of adipose tissue measurement 
techniques for individuals with cerebral palsy, it may be 
possible to more effectively study body composition and the 
influence of nutritional adaptation and physical activity on 
this parameter.
CONCLUSIONS
There were statistically significant differences between the 
dominant and nondominant halves of the body in the biceps, 
triceps, thoracic, suprailiac, thigh and midcalf skin folds in 
group A as well as in the biceps, subscapular, midaxillary, 
abdominal, thigh and midcalf skin folds in group B.
In both groups, there were statistically significant differences 
in the percentage fat estimated by the Guedes and the seven- and 
three-skin-fold Jackson-Pollock equations when comparing the 
dominant and nondominant halves of the body.
The difference in skin folds and fat percentage between 
the dominant and nondominant halves of the body was 
greater in group A than in group B.
There were statistically significant correlations between 
DEXA and the Guedes and Jackson-Pollock prediction 
equations (seven and three skinfolds), in both group A and 
group B.
Data from group A suggest that the mean value of the 
two halves of the body should be used for adipose tissue 
measurement when evaluating body composition.
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